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SECTION I

I NTRODUCT I ON

The effects of nuclear-weapon-genrated blast and thermal radiation J

environments on aircraft have been and continue to be of major interest

have been under study, such as the response of ini-flight aircraft structures

subjected to a sigle nuclear burst environment. Some related response

problem areas tave not been adequately investigated and require study to

better understand the overall vulnerability of an aircraft weapon system.

One such problem area is the response of aircraft subjected to the blast

and thermal radiation generated by multiple nuclear bursts.

This report presents the results of an analytical study of one

aspect of the multiple exposure problm: the gust, overpresure, and

thermal radiation effects due to multiple nuclear burst exposure of

aircraft ia a base escape mode. On, of the wai gaming scenarios of

current interest -.' auseýssing aircraft sw,:vivability is an aircraft base

under a submarine-launched ballistic missile attack, with the aircraft

attempting to escape. This gives rise to a situation where escaping

aircraft may simultareously be exposed to the blast and thermal radiation
fLeld, g-enerated from multiple nuclear weapons. Different geometric

burst patterns aad burst timing sequences need to be examined to determine

the worst possible configurations affecting aircraft survivability.

Combinations where enhancement effects either from blast or thermal

radiation due to multiple bursts become significant will have an important

bearing in the assessment oi the survivability of aircraft. Consequently,

the objective of the current study is to compare the survivability of

aircraft foz multiple exposures with the survivability for the worst

single-burst condition.

Kaman AviDyne has previously examined the blast field within the

overlapping lens region of two bursts in a study of missile vulnerability

and has carried out a comparison of the multiple burst environments from

various computer codes (Refs. 1 and 2). The vulnerability study of I
missiles subjected to multiple bursts has identified certain traversal
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orientations producing significant enhancement. With Oie above back-

grounA, an exploratory study was carried out to inve-tig&te the multiple

nuclear blast exposure effects on aircraft in a base escape mode. The

methods of analysis and the results obtained are presented in the

following sections. Section I1 presents •he geometric "laydowu" pattern

of the multiple burst cent-rs selected for the study and discusses the

considerations enteri'• into the selection of the :onfigurAtins.

Section III describes the analysis methcd and presents the results of

the multiple burst enviromment studied. Section IV presents the analysis

and results of the gust environment, and Section V preaente the analysis

and results of the overpressure environment. The thermal radiation

environment and the coupled thermal/overpressure environment due to

multiple nuclear bursts are presented and discussed in Sections VI and

VII. Finally, the conclusions and recommendations for further study are

presented in Section VIII.
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SECTION I I

MULTIPLE BURST LAYDOWN PATTERN

In a study of the vulnerability of aircraft exposed to multiple

nuclear bursts an infinite number of configurations are possible with

variations in the number of the nuclear bursts, the Iocations of the

burst centers in three-dimensional space, the timing sequence of the

bursts, and the aircraft flight path orientations and altitude. It is

obvious that for an exploratory study many simplifying assumptions and

limitations of scope need to be made to reduce the problem to a manageable

size.

The information provided in Ref. 3 was used as a basis for limiting

the number of burst configurations to be addressed. The scenario of

interest is a strategic aircraft base under attack by submarine-launched

ballistic missiles. The aircraft will be taking off and climbing out

as rapidly as possible. Figure 1 depicts a hypothetical situation with

five nuclear bursts defining a sure-safe and sure-kill envelope for the

scrambling aircraft. Asstming that the attacking enemy can carefully

control the burst centel location and timing, and in view of the fact

that the escaping aircraft will be in random positions and orientations,

the attacker would deliver all warheads for simultaneous arrival and

burst (to minimize the advance notice time) and would choose a laydown

pattern that would equally distribute the critical destructive power

over the largest area possible. It is thus assumed that the laydown

pettern would be a hexagonal close-packed configuration in one horizontal

plai.e, as shcwn in Figures 2 and 3. Figure 2 shows the configuration

with the shock fronts just prior to overlap, and Fig. 3 shows the over-

lapping shock fronts forming the lenticular interaction regions. The

distance betweer burst centers would be governed by the assumed hardness

level of the aircraft under attack, since the lethal radius of each

r burst will decrease with increasing hardness of the structure under attack.

9



For further simplification, the plane defined by the burst centers

was selected to be the zero altitude, sea-level plane. Thus, hemispherical

shock fronts are generated, and ground reflection is accounted for as a

mirror-image, without the cc ilications of a complex geometry that would

result when bursts at altitude intercept the ground plane.

Limiting the flight path of the aircraft to the same sea-level

plane of the burst centers, symmetry considerations reduce the blast

environment to be studied to a 30-degree sector of a centrally-located ,1

burst. Since aircraft flight direction is arbitrary in this plane, 4

flight paths initiating within a grid of the 30-degree sector and aiming

in various compass directions will adequately represent the possible

intercept configurations. Figure 4 shows a hexagonal close.-packed

laydown pattern of seven simultaneous bursts and the 30-degree segment ;N
for symmetry. By reflective symmetry about the zero-degree boundary one

obtains the information pertinent to the remaining 30-degree sector of a

peripheral burst interacting with the central burst, and the combined

60-degree sector is repeated for the remaining five peripheral bursts.

The attack scenario employed for the gust and overpressure environ-

ment study consisted of seven simultaneous bursts of one megaton yield

each, laid down at sea level in the hexagonal close-packed configuration

discussed earlier. The bursts were positioned such that at least a two

psi overpressure level would be encountered by the intercepted aircraft.

This two psi overpressure level was selected in view of the hardness of

representative aircraft to blast overpressure damage. The overpressure

requirement resulted in burst center separations of 52,000 feet, based

on blast rsdii of approximately 30,000 feet, overlapping as shown in

points qere selected, with aircraft flight path headings at 30-degree

intervals from each start point. Again, due to symmetry, not every

heading had to be analyzed at start points on the boundaries. Figure
5 shows the selected aircraft positions and flight path orientations at

first blast intercept for this study. Aircraft positions closer to the

central burst .eed not be considered since, for such positions, the

10



blast/thermal environment from other bursts is very small in comparison

with the blast/thermal environment from the central burst,

For the thermal radiation environment study, in addition to the

simultaneous bursts -L. a hexagonal configuration around a center burst,

a hexagonal close-packed laydown of nineteen simultaneous bursts, as shown

in Figure 3, was also studied. Also, a non-simultaneous burst hexagonal

close-packed laydown pattern was considered for the thermal/overpressure

coupling effects.

. -........ .. ..... .. . .. .. . . ....... . .. . . .. ... . ......... *. ..- . • ... • "
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SECTION iII

BLAST ENVIRONMENT

3.1 Intzoduction

The initial effort in the stitdy of multiple nuclear blast-.nduced

gust and overpressure effects on aircraft was aimed at studying r'he

environment generazed by the multiple nuclear blasts. Following a pre-

liminary investigation of avaiiable codes and their features, the LAMB

(Low Altitude Multiple Burst) code was selected foz the study- of the

environment (Ref. 4). An updated version of LAMB VI was obtained on

magnetic tape and employed for this study,

A single burst of I megaton yield, occurring at zero altitude

(ground level) and incorporating ground reflection, was employed to

generate overpressure levels versus range from the burst center. The

results are ehown in Figure 6. Based on the hardness of representative

aircraft to blast overpressure damage, a minimum of two psi overpressure

level was selected as a requirement for the blast-generated environ-

ment - a plausible objective in the attack scenario. As seen in Figure

6, for the 1 MT LAMB-generated environment, including ground reflection,

blast radii smaller than 30,000 ft. produce overpressure levels larger

than two psi. A hexagonal close-packed laydown pattern for multiple

bursts, such that the whole area is covered with at least the required

two psi overpressure level, results in burst center separations of

52,000 ft., as shown in Figure 3 and detailed in Figure 5. Also shown in

Figure 5 are the nine positions of the aircraft within the 300 segment

for symmetry, discussed in Section II. The nine positions represent the

aircraft locations at the time of first (closest) blast arrival. From

that instant on, the aircraft are assumed to be flying in a straight

flight path oriented in the headings shown at 30-degree intervals.

12

AvI.



Figure 7 shows the LAMB . MT blast radius versus time after burst.

Superposed on the curve are the tick marks indicating the blast radii

at Jntercept with the nine aircraft positions, and the associated times

of arrival. The information is tabulated as an inset in the figure.

Thus, the aircraft position closest to the burst center (position 7) at

a distance of 20,000 ft. from tne burst center is intercepted 11.97

sec. after the burst, and the aircraft position farthest from the burst

center (positinn 3) at a distance of 30,022 ft. from the burst center is

intercepted 20.45 sec. after the burst.

The study of the environment impinging on the aircraft was carried

out by exercising the LAMB zode with the blast front just ahead of

intercept with a selected aircraft position, and calculating the envir-

onment for a point advancing at the speed of the aircraft in a selected

heading. Aircraft speed was specified to be 525.0 ft./sec. Due to

symmetry considerations, not all oi the headings from each position had

to be investigated at the boundaries of the 30-degree segmeLt for

symmetry; the arrows shown in Figure 5 indicate the headings employed. A

toLal of 66 combinations of position and heading were studied.

3.2 Presentation of Results

As visual aids to understanding the environment generated by the

interacting shock fronts from the multiple blasts, graphic displays and

machine plots were generated to show overpressure and density contours;

material velocity flow fields; time histories of overpressure, density,

and material velocity at specific points in space; and time histories of

the material velocity normal to specified flight paths. Figures 8(a)

through 8(c) depict representative plots of overpressure and density

contours, and material velocity vectors for two inter.acting bursts

generated in the preliminary phase of this study. Figures 9(a) through

9(c) depict representative time histories of the side gust (material

velocity normal to flight path), overpressure, and density for the aircraft

following the flight path at a heading of 1500 from position 4 (see

Figure 5). The first discontinuity indicates the arrival of the first

shock, and subsequent discontinuities indicate the arrivals of the other

13
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interacting shock fronts. It should be noted that the side gust plot of

Figure 9(a) represents a component of the velocity vector (the component

normal to the flight path) and the magnitudes depend on the orientation

of the flight path relative to the burst centers. Thus, the side gust

* from the closest burst may be smaller in magnitude than that caused by

a burst further away but impinging at a larger angle to the flight path,

as is the case iii the figure showýa. The extreme case, of cour a, would

be a heading aiming at the center of the closest burst, which would

cause n~o n~ormal velocity component or side gust on the aircraft. Huwever,

the overpressure and density jumps, as seen ix, Figures 9(b) and 9(c),

decrease wirh each subsequent shock arrival. Not only do the jumaps

decrease, but the largest overpressure and density are associated with

the first shock arrival, with subsequent peaks being smaller. This

results from the long time separation between shock arrivals, allowing

earlier blast waves to have decayed prior to subsequent shock arrivals.

Only when arrival times are very close, such that the magnitudes from

earlier b~lasts have not decayed, wil~l there be an enhancement of over-

pressure or density.

Side gust, overpressure, and density results were similarly obtained

for all 66 combinations of aircraft position/flight path orientation.

Maximum values for all three quantities were noted in the analysis of

the results. Pertinent results are presented and discussed in the

following sections of this report.

14I



SECTION IV

GUST EFFECTS

4.1 Introduction

The attack scenario and laydown pattern of multiple nuclear bursts,

as well as the environment generated by the bursts, have been discussed

in earlier sections. This scztion details the results of the study of

gust effects on aircraft intercepted by the nuclear bursts.

Since aircraft response to side gusts is of concern, the material

velocity generated by ie ..-,clear bursts was employed to calculate the

side gust, or component perpendicular to the flight path. The flight

path analysis program was used to analyze the side gust environment
from LAMB VI for the multiple bursts, as well as from a single "critical

burst" (the one that generates the greatest gust normal to the flight

path) for all combinations of aircraft location and flight path orientation.

Again, the objective is to compare the multi-burst environment with the

worst single burst environment.

As discussed earlier, the multiple burst gust environment is generated

by seven simultaneous bursts placed in a hexagona. close-packed laydown

pattern with burst center separations of 52,000 ft. Nine aircraft 1

starting positions within a 30-degree segment and selected headings at

30-degree intervals were used, as shown in Figure 5. By syrmmetry, the

F results obtained from the selected 30-degree segment apply to the remaining

segments of the seven-burst laydown pattern.

4.2 Results of Analysis

Having defined the side gust environment acting on the aircraft,

one needs to consider the structural system that will respond to the

forces generated by that environment. Since the scope of this study was

limited to investigating possible enhancement or attenuation in the

response of aircraft subjected to multiple bursts in comparison with

the effects of a single burst, a simple one-degree-of-freedom system

was selected to study the response. Two natural frequencies were

considered for the responding system, 1 Hz and 5 Hz, representative

15



response frequencies for aircraft that may be subject to the attack

scenario. Damping values of 5 and 10% of critical damping were employed

in generating response runs for this simple system. Since the results

were very similar, only the 5% damping results are presented.

Figure 9(a) shows a representative side gust time history and

pertains to an aircraft at location. 4 and heading in the 1500 direction

in the seven simultaneous bursts laydown pattern. For the same aircraft

f light path, Figure 10 shows the side gust time history for the single

"critical burst" located, in this case, at the center of the hexagoaal

close-packed seven burst pattern. Since no other shock fronts are

considered the secondary discontinuities in side gust (seen in Figure

9(a)) are not present.

Similar results were obtainvA~ for all 66 aircraft location and

orientation combinations within the 300 segment of symmetry. The absolute

values of the peak side gusts and the times at which they occur are

tabulated for all cases investigated in the first three columns of

Tables 1 and 2. Table 1 shows the results for the seven simultaneousA

bursts configuration, and Table 2 shows the results for the selected

single critical burst. The first column in each table identifies the

case under investigation, by giving the aircraft location number and

the flight path orientation angle in degrees, as seen in Figure 5,

for the 66 test cases. The peak side gusts (absolute values, ft/sec)

are tabulated in the second column, and the time (sec) at which they

occur is tabulated in the third column (t-0 is the burst time).

Representative time histories of the one-degree-of-freedom aircraft

response are shown in Figure 11 for the seven simultaneous burst case,

Land in Figure 12 for the selected single "critical burst" case for

position 4 and orientation 1500 Figures 11(a) and 12(a) show the

displacement, Figures 11(b) and 12(b) show the velocity, and Figures

11(c) and 12(c) shows the acceleration for the 1 Hz natural frequency

case with 5% damping imposed.

Similar results were obtained for all 66 cases investigated with I

Hz or 5 Liz natural frequencies. The miaximum displacements and the times

'when they occur are tabulated in the last four columns of Tables 1 and

16



2, for the multiple and the single burst cases, respectively. Results

are shown for the 1 Hz and the 5 Hz response cases with 5% dimping

imposed.

Table 3 uses the data shown in Tables I and 2 for a comparison of

the side gust environment and displp-ement response as a ratio of the

effects of the mtultiple vs. single burst cases investigated. It should

be noted that values above unity represent enhancement of effects when

multiple simultaneous bursts occur, and values below unity represent

attenuation when multiple simultaneous bursts occur. Note that enhance-

ment, where present, is 'very small in magnitude, and occurs at only a

few of the positioniorientation configurations investigated.

The peak displacement ratio information shown in Table 3 is shown

graphically in Figure 13(a) for the 1 Hz response, and in Figure 13(b)

for the 5 Hz response cases. A magnified section of the 30-degree seg-

ment of symmetry is shown, indicating the nine aircraft starting positions

in the cartesian coordinate system of Figure 5. For each aircraft starting

position, the envelope for the peak displacement of the one-degree-of-

freedom system as a function of flight path angle is shown with the scale

indicated. The solid lines represent the magnitudes of the peak displace-

ments in response to the single critical burst, and the dashed lines

represent the response to the seven simultaneous bursts. It becomes

obvious that gust effects enhancement due to multiple exposures occurs

in very limited cases and is small in magnitude. Definite attenuation

occurs at the boundaries of the segment for symmetry. This is due to

the cancellation effect of the side gusts arriving from opposite

directions simultaneously due to symmetrically-placed simultaneous bursts.

The attenuation would be strongly affected if the blasts were not simul-

taneous, such that the side gust arriving from one direction would

precede tie lagging side gust from the opposite direction.

17
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SECTION V

OVERPRESSURE EFFECTS

5.1 Introduction

The attack scenario and laydown pattern of multiple nuclear bursts,

as well as the environment generated by the bursts, have been discussed

in earlier sections of this report. This section details the results of

the limited study of overpressure effects on aircraft intercepted by the

nuclear bursts.

The multiple burst overpressure envirornaent is generated by scvea

simultaneous bursts placed in a hexagonal close-packed laydown pattev'n

in the zero altitude ground plane. Intercepted aircraft are also

considered to be flying in the plane defined by the burst centers. In

this flight configuration, overpressure effects would have the greatest

effect on planar surfaces perpendicular to the plane of the bursts. At.

aircraft flying towards the center of a burst wc-ud offer relatively

small planar surfaces perpendicular to the plane of the bursts. However,

an aircraft flying in a tangential direction relative to the burst

sphere would have the relatively large planar stirfaces of the vertical

fin exposed to the laterally impinging blast wave. Hence, damage to the I
vertical tail is selected for the study of multiple exposure vulnerability

to blast overpressure.

Two situations are of primary interest for multiple exposure over-

pressure effects. The firsL of these is for point 1 in Figure 5, for

which the blast waves from two bursts arrive simultaneously but from

opposite sides. In this case the loading is similar to a single blast

wave reflecting off a wall of infinite extent, in which case the clearing

time is infinite. The fact that clearing does not take place leads to

the possibility that overpressure damage will be significantly enhanced

with re3pect to the single burst case.

The second situation of interest is sequential loading of a structure.

If the first loading produces damage (inelastic response), can the damage

be enhanced by subsequent loading from a multiple burst environment?

18
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5.2 Panel and Stringer Damage From Simultaneous Blast Wavec

For structural response to overpressure from simultaneoue blast

waves from opposite sides, the response enhancement of a multiple-burst

pattern relative to a single burst is demonstrated using a structural

panel and stringer from the vertical fin of a representative aircraft.

The aluminum panel is 8 in. by 24 in. and .032 in. thick. The

stringer used Is a 42 in. long hat section. The loading con-

sidered is for a multiple burst condition defined by LAMB which gave a

peak pressure of 5J1 psi and a decay to zero in 3.75 seconds. The

response characteristics of these structures are such that this loading

is practically a step input over the response timc of interest. To

simulate a single burst loading for comparison, clearing times for the

reflected pressure of 5.1 psi are assumed based nn distances from the

leading edge of the fin of 2, 6 and 12 feet. Table 4 shows the response

comparison for the flat panel and stringer in terms of maximum deflec-

tions and strains. For the flat panel the differences in response

between siugle and multiple burst loadings are less thau 10% and are not

considured significant. For the stringer the differences can be signi-

ficant if the stringer is loc'ted near the leading edge, but for loca-

tions in the interior of the fin the differeuces are not considered

significat.t. It should be noted that the differences shown in Table 4

would be somewhat smaller if presented in terms of a slant range

comparison.

5.3 Cumi~ative Damage Due to Sequential Overpressure Exposure

P Fc to the relatively snall enha-icement noticed when comparing

o-erpressure effects due to multiple bursts 7,ersus a single burst, it

was decided to carry out a limited study of a plausible worst-case

sequential exposure situation. In this situation, it is stipulated that

th,, uve:press.re eff'•ct of the first blast is to cause strains beyond

the Ulaotic l-imit for a representative panel, such that a set deformed

shape is obtained after the effects of the first blast subside. The

arrival of an identical overpressure due to the second blast in the

sequence is then applied to the deformed shape to determine whether

significant further damage (additional permanent strain) can be imposed.

19

-qw



For this study a beam element model, simulating a strip from the

rectangular panel of the vertical fin employed in the earlier study, was

chosen. The thickness of the panel and the applied overpressure magnitude

were scaled down to eliminate bending strain considerations; thus the

very thin panel was essentially subjected to just membrane strains.

The beam was of unit width, 8.5 in. long, pinned at the ends. The

thickness employed was 0.00004 in., and material properties of 2024-T3

were used. A bi-linear strcess-strain curve, shown in Figure 14, was

used.

The applied overpressure was a triangular pulse with 0.05 psi peak

overpressure decaying linearly to zero in 5.0 seconds. A modified

version of the NOVA program, NOVA-2L, was employed (Reference 5). The

results obtained are shown in Table 5 as A futiction of the elements

comprising the oeam. The maximum membrane strains, e which exist

throughout the beam at time - 1.3 msec after intý rcopt are obtained from

the NOVA-2L run. As shown in Figure 14, each element is assumed to

recover•from its maximum strain along a strain recovery line parallel to

the elastic stress-strain segment of the curve. The residual strain is

the value of the strain remaining at zero stress level, or the intercept

of the recovery line with the a-0 linr Additional columns in Table 6

give the derived quantities, where the maximum stress is

4- + 220,0 Epmmax Y max Y)

a max =48,000 + (c max - 0.0045;) 220,000 psi

and the recoverable elastic strain is

maxmax 0 000457I E -"=48)oooa••xEelas ax Y

The residual strain is

R max -E
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and the elongation is

Mhe total elongation of Che beam is twice the half-span elongation

shown in the table

ALt 2 dAer s 2 (0.026880) : 0.05376 in.

With this residual elongation after encounter with the first blast,
the deformed shape is assumed to be that of a catenary suspended at

station x-O and x=L under its own weight, such that

L
Z(x) Z (x-) [4 (- ]

where
Z(x )= = 68.)0036-0.414 in.

Hence,

Z(x) = 0.414 [4 ( X)l - 0.02292 [x(8.5-x)]8. 8.5

The calculated values of vertical displacement Z are shown in the last

column ii Table 5.

Figure 15 shows the results of the first blast intercept graphically.

Figure 15(a) presents the shape of the beam half-span (vertical displace-

ments exaggerated) at time t = 1.3 msec, corresponding to the maximum

membrane strains obtained (solid line), and the assumed shape after

strain recovery. The latter is used as the initial shape for subsequent

overpressure exposure in the sequential blast investigation. Figure

15(b) presents the displacement time history at the center of the beam,

with a tick mark identifying the maximum membrane strain occurrence.

The permanently-deformed beam with the assumed shape of a catenary

was then subjected to a second overpressure identical with the first

blast overpressure. This would represent the limiting case, since for
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simultaneous bursts the second arrLval would imply a Ip .r r range and

smaller overpressure. '"he results of the second blast erpressure

are shown in Figure 16. Fig.Le iC•(a) :.,ows the assumed initial shape

as a dashed curve, and the distoted shape at time - 1.79 miec after

second blast arrival, corresponding to the generation of maximum membrane

strains in all of the beam. The maximum values of incremental strains

in all elements of the beam were under 0.0042 in/in, which is less than

the yield strain of 0.00457 in/in. Thus, no new inelastic strains are

imposed by the second blast of equal magnitude, and the post-blast beam

returns to its initial catenary shape. Figure 16(b) shows the displace-

ment time history at the center of the deformed beam, with a tick mark

identifying the maximum membrane strain occurrence.

I2
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SECTION VI

THERMAL RADIATION ENVIRONMENT

6.1 Introduction

The enhanced nuclear thermal environment is discussed both in this

section and in Section VII, where the combination of overpressure and.

thermal heating is considored. The thermal radiation environment used

in this study is consistent with the nuclear scenario outlined earlier.

In particular, the following assumptions are made:

1) Simultaneous 1 megaton bursts are detonated at sea level in

one of two hexagonal closepacked patterns - either a seven

burst hexagonal pattern (Figure 4), or a nineteen burst pattern

shown in Figure 3.

2) The distance between burst centers was determined by the

overpressure criterion that any aircraft within the close-pack

region would be ,iuLjected to at least a two psi incident

overpressure, which corresponds to a range of approximately

30,000 feet.

3) Escaping aircraft are assumed to be uniformly distributed

throughout the region with random headings, so that only

a small triangular planar section (Figure 5) need be studied.

Individual flight paths are assumed to remain constant (no

qmaneuver) for .he duration of the thermal response. with

horizontal velocity of 525 feet ptc second.

4) A very clear, dry atmosphere is assumed, with visibility

equal to 100 miles.

In general, the analysis of thermal enhancement was intended to be

conservative. It was for this reason that :he "close-packed" burst

pattern was selected, for example. Because thermal energy is radiated

at the speed of light, a si:iultaneous detonation scenario was adopted.

Here the seven burst configuration is probably the most likely laydown

pattern, while the nineteen burst pattern comes into consideration for
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interior portions of the country when warning times, and hence, escape

times, would be longer.

Since side-on aircraft exposure is considered the most critical for

a co-altitude burst, only side-on exposures (either left or right) were

studied. This is consistent with the objective of the thermal study,

which is to determine the enhancement due to the multiburst scenario

compared with a worst-case single burst. This single burst can be any

of the seven (or 19) multiburst positions, depending on the flight path.

For the most part the central burat contributes the most thermal radiation

for side-on exposure, although not always; an aircraft flying directly

toward or away from the center being a prime example.

6.2 Methods of Analysis j

Investigation of enhanced thermal effects due to the multiburst

scenario relied primarily on the use of the computer code TRAP (Reference

6). TRAP is used ordinarily to calculate the thermal and stress response

of structures to the thermal radiation from a single nuclear burst. For

present purposes, however, it suffices to determine only the applicable

thermal radiation environment; that is, the thermal fluence normally

incident to the side of the aircraft.

in order to acconmiodate multiple exposures, the TRAP code was

modified specifically to treat multiple simultaneous ground bursts of

identical yield. As a practical matter the incident thermal flux was

monitored for only ten seconds following detonation. However, approx-

imately 90% of the energy associated with a lMT burst has been emitted Al

by that time.

As was the case in the gust analysis, nine aircraft positions were

selected in a limited 300 triangular sector, with flight path headings

every 300. Only unique orientations were considered since there is

considerable duplication due to symmetry. The aircraft velocity was

assumed to be 525 ft/sec.

Since only side-on exposures were considered, both left and right

side thermal fluences (for the 10 second interval) were calculated, and

the larger value used for comparison. For single burst cases the most

severe single burst among the seven (or 19) positions was used.
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6.3 Results of Analysis

Table 6 summarizes the results for single burst, seven burst, and

19 burst environments. In each instance, the side of the aircraft

receiving the larger thermal fluence is indicated L for left, R for

right, as well as the total incident thermal fluence received in ten

seconds.

Fluence levels for 19 burst cases are consistently larger than for

seven bursts, which, in turn, are consistently larger than uie single

burst results. This has to be so due to the symmetrical arrangement of

burst centers and because thermal radiation is strictly additive, i.e.,

there is no cancellation effect. Additional rings of bursts contribute

less and less the further away they are due to atmospheric attenuation

and the inverse square law.

As indicated earlier, the flueuce levels in Table 6 represent only

approximately 90% of the total thermal pulse. This was determined by

extending one response run for 100 seconds, as compared with the ten

second runs used in the study. Figure 17 indicates the shape of the

incident thermal pulse for the nearest aircraft location. This correction

factor was then applied to the tabulated results, and the envelopes in

Figuie 18 were generated.

These peanut-shaped envelopes represent the level of incident

thermal fluence for both the worst single burst case and the 19 burst

exposure. For the nine burst-time aircraft positions indicated by

the large dots, an envelope represents the side-on exposure for any

aircraft heading. Envelopes for headings not shown in Figure 18 can

be determined from symmetry considerations.

This survey of aircraft exposure to incident thermal radiation

indicates that while there is overall enhancement due to multiple

[U bursts, there is no significant change in the envelope patterns.

Consequently, without addressing the question of actual vulnerability

levels, it is concluded that the enhancement derived from the additional

bursts is characterized by slightly higher levels and more uniformly

shaped envelopes of thermal fluence.
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SECTION VII

COUPLED THERMAL/OVERPRES SURE ENVIRONMENT

7.1 Introduction

Previous sections have dealt with the individual nuclear effects of

gust, overpressure, and thermal radiation. In some instances the com-

bined effect of thermal radiation, which preheats and prestresses the

aircraft structure, followed by a blast wave can produce critical

response in skin panels.

The thermal pulse propagates at the speed of light, so the aircraft

begins receiving the thermal radiation almost inmmediately following the

first burst. At some later time the blast wave from that burst arrives;

by that time the skin temperature will be elevated to some extent.

Also, for multiple burst cases, thermal input from the other bursts may

be contributing to the temperature rise, depending on the timing of

these bursts. Subsequent blast waves are not considered important as

long as the nearest burst (and therefore the strongest shock) is assumed to

detonate first.

A survey of the "worst-case" environments, similar to that performed

for the pure thermal response, was made for both a single central burst,

and for the seven burst close-packed laydown pattern. As a worst-case

assumption, the central burst is assumed to occur first, with the

remaining bursts all simultaneously detonating at a later time. That

time delay is determined by considering the shock arrival time at each

of the nine aircraft locations studied, and the time it takes to build

up the maximum temperature rise following a lMT burst.

Obviously, the delay assumed between bursts must be consistent with

a realistic laydown plan. Preliminary studies by RDA (Reference 3) in-

dicate that the maximum delay time used here (15.5 seconds) is possible,

especially for bases located in the interior United States.
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7.2 Method of Analysis

Program TRAP was further modified to study the enhancement of

combined thermal-overpressure effects. Since the multiple bursts were

no longer assumed to arrive simultaneously, allowance was made for a

delay between the central burst and the remaining bursts. Then, since

the time history of the temperature rise in the skin is important, the

effect of absorptivity and the effect of convective cooling were also

included in the analysis.

&a a typical example, an absorptivity of 0.5 was assumed for an

aluminum skin panel 0.04 in. thick, located 10 feet behind the leading

edge of the vertical tail. The vertical tail location. is susceptible to

side-on exposure, consistent with the pure thermal analysis.

five seconds were required from time of burst to reach a peak panel

temperature. Consequently, the six surrounding bursts in the~ seven

burst Jlaydown pattern were assumed to detonate roughly five seconds

bef ore the arrival of the blast wave from burst number one, the central

burst. This maximizes the temperature difference between the single

and multiple burst cases at blast wave arrival.

The side of the vertical tail directly exposed to the central

burst was selected for study. Comparisons were then made between the

temperature rises at time of shock arrival for the multiple burst

environment versus the single burst case. Since this study is exploratoryI

in nature, the analysis did not continue on to determine and compare

structural responses. Rather, the temperature comparison is considered

to be indicative of the possibility of enhanced thermal/overpressure

coupling.

7.3 Results of Analysis

The results of the survey sixty-six aircraft flight paths are

tabulated in Table 7. The last two columns indicate the temperature in

the skin panel at time of shock arrival for both single and multiple

burst environments.
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Enhancement is .vtident for all. orientations, particularly for those

cases where little single-burst heating takes place. For flight paths

involving single burst temperature rises of 2500 R or more, the increases

were all less than 32%. Another way of looking at this is to realize

that the maximum multiple burst temperature rise of 464 R compares with

3880 R maximum for all single burst cases - a difference of only 760 R.

Figure 19 illustrates the sequence of events. Bursts 2-7 are assumed

to detonate seven seconds after the center burst, the shock from whi -

arrives an additional five seconds later. Even though the aircraft

location selected is the closest of all considered, the shock still

arrives too late (12 seconds) to impinge onl the skin before signifir ait

cooling has begun.
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SECTION VIII

CONCLUS IONS

The analysis of gust, overpressure, and thermal radiation effects

on aircraft in a base escape mode was limited in scope to an investigation

of the enhancement or attenuation of the effects due to multiple burstI. exposure in comparison with a single "critical burst" exposure. The

multiple bursts were assumed to be laid down in a hexagonal close-packed

configuration and were detonated simultaneously except for considering

the worst case blast-thermal coupling enhancement.

In the side gust-effects analysis, enhancement due to multiple bursts

was observed in very limited cases and was small in magnitude. However,

definite attenuation was observed to occur for aircraft flight paths where

side gusts arrived simultaneously from opposite directions due to sym-

metrically-placed simultaneous bursts of equal yield, thus cancelling

each other. This attenuation would be greatly affected if the aircraft

flight path were offset such that the shock fronts did not arrive simul-

taneously.

The effect of multiple bursts is thus generally quite small for gust

response, and the area in which the effect is large (attenuation) is

very limaited in extent. Hence, multiple burst effects are of littleI. consequence with respect to aircraft gust vulnerability.

In the overpressure effects analysis, the structural panel respo'nse

differences between single and multiple burst cases were less than 1(C%

and are considered insignificant. The response of stringers located

near surface boundaries can be significantly enhanced by the multiple

burst environment. An analysis of cumulative damage due to sequentia2.

overpressure exposure was carried out on idealized beam-element strips

representing painels. Where the first blast encounter caused permanent

deformation, a subsequent identical blast exposure imposed no additional

permanent strain, indicating no additional damage due to multiple blast
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Multiple burst efcsfor ovrresr damage thus apea to be

unimportant for skin panels, the effect being both small and localized.

The picture is less clear with reapect to stringers. Large enhancementj

can occur, but again the regions involved are small and so the overall

impact on system vulnerability is also probably small. Sequential over-

pressure exposure could result in increased damage to stringers and other

structures, even though it apparently does not for skin panels. The

investigation herein of skin panels treated membranes only, and structural

t elements which do not respond as membranes may well behave very differently

with respect to sequential exposure. Examination of this problem in theI present exploratory study was impossible because of the lack of codes
which can reasonably handle this problem. In this respect, it will be

recalled that a special treatment had to be concocted to deal with the

membrane problem. In the absence of any analysis, only an educated guess

i possible. The authors expect that sequential exposure will result in

significantly enhanced damage to stringers and the like, but that the

importance with respect to overall vulnerability will be small because

the -vulnerability will be affected in only a small portion of the total

area or volume involved. It is suggested, therefore, that further

*investigation of this point is appropriate, but as a low priority item.

In the thermal radiation exposure investigation, overall enhancement

due to multiple exposure was observed, but the shape of the envelopes of

thermal fluence was not changed significantly. The results of the combined

thermal/overpressure exposure analysis indicated that the worst-case

situations, where the blast wave from the closest burst arrived at the

time when the thermal exposure from other bursts caused peak temperatures,

resulted in enhancements of less than 32% in peak tempe~rature in com-

parison to a sing~rh burst for cases in which the single burst temperature

was greater than 250 R.

It is apparent that multiple burst effects are .ore important for

thermal damage than for gust or overpressure alone. Analysis of thermal

response to multiple bursts is a relatively simple problem, however. It
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is recommnended, therefore, that TRAP ba modified to permit multiple

bursts to be treated. The modifications made for the purpose of the

present analysis do not suffice, since they lack generality.
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I
TABLE 1

SIDE GUST ENVIRONMENT AND RESPONSE FOR SEVEN SIMULTANEOUS BURSTS

1 HZ RESPONSE 5 HZ RESPONSE
C-AS0E I. D._ _ _ _ _ ___

(LOCATION PEAK @ MAXIMUM @ MAXIMUM @
AND GUST TIME DISEL. TIME DI§PL. TIME

ORIENTATION) (FT/SEC) (SEC) (10 FT) (SEC) (10- PT) (SEC)

1.090 36.15 46.49 3.84 46.49 0.16 46.59
1.120 34.03 17.02 3.44 29.36 0.15 28.99
1.150 59.49 17.02 6.41 31.23 0.27 30.85
1.180 0.00 34.29 0.00 34.78 0.00 34.39

2.090 39.80 44.30 4.24 44.78 0.18 44.40
2.120 110.13 17.80 6.43 25.18 0.29 24.81
2.150 93.24 25.76 8.55 26.23 0.38 25.85
2.180 81.01 27.73 8.29 28.21 0.35 27.83
2.210 65.38 30.74 6.40 31.22 0.27 30.84
2.240 35.15 17.80 3.78 33.99 0.17 17.93
2.270 0.00 47.75 0.00 18.24 0.00 17.90

3.210 0.00 20.47 0.00 20.95 O0 20.56
3.240 38.66 20.45 3.76 48.71 0.16 48.34
3.270 0.00 50.40 0.00 30.44 0.00 50.44

4.000 0.00 42.20 0.00 42.87 0.00 42.48
4.030 69.79 14.49 8.17 14.97 0.35 14.59
4.060 120.71 14.49 13.95 14.97 0.60 14.59
4.090 139.68 14.48 15.87 14.95 0.69 14.58
4.120 120.90 21.24 13.50 14.95 0.59 14.57
4.150 77.59 30.89 7.83 31.37 0.34 14.57
4.180 0.00 43.40 0.00 43.88 0.00 43.50

5.000 82.22 28.29 8.35 28.77 0.35 ! 28.39
5.030 95.09 25.74 8.54 26.19 0.38 25.84
5.060 94.38 15.17 11.73 20.09 0.46 15.27
5.090 128.79 15.17 14.71 15,65 0.63 i5.27
5.120 128.62 15.17 14.43 15.64 0.63 15.26
5.150 94,51 15.16 10.45 15.63 0.46 15.25
5.180 69.73 29.32 7.56 29.81 0.32 29.42
5.210 62.74 22.81 6,.69 23.28 0.28 22.91
5.240 125.52 21.09 11.37 21.55 C.51 21.19
5.270 128.62 15.17 14.59 20.24 0.63 15..26
5.300 .128.79 15.17 14.71 15.65 0.63 15.27
5.330 94.38 15.17 10.9.5 15.65 0.46 15.27
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TABLE 1 (CONT'D)

SIDE GUST ENVIRONMENT AND U.ESPONSE FOR SEVEN SIMULTANEOUS BURSTS

1 HZ RESPONSE 5 FZ RESPONSE
CASE I.D.

(LOCATION PEAK @ MAXIMUM HAXIMUM @
AND GUST TIME DISIL.I TIME DISSL. TIME

ORIENTATION) (FT/SEC) (SEC) (10 FT) (SEC) (10- FT) (SEC)

6.210 0.00 23.84 0.00 24.32 0.00 23.94
6.240 112.16 22.37 10.87 22.83 0.47 22.47
6.270 101.25 21.39 1.1.04 17.97 0.48 17.59
6.300 115.80 17.50 12.98 17.97 0.56 17.60
6.330 100.41 17.50 11.45 17.98 0.49 17.60
6.000 60.68 20.74 9.36 22.49 0.34 22.06
6.031 0.00 21.15 0.00 21.64 0.00 21.25

7.000 0.00 - 0.00 - 0.00 -
7.030 83.85 11.98 9,9? 12.46 0.42 12.08
7.060 145.04 11.98 17.02 12.45 0.73 12.08
7.090 167.87 11.97 19.36 12.44 0.84 12.06
7.120 145.20 11.97 16.44 12.44 0.73 12.06
7.150 106.77 31.37 10.32 31.82 0.42 12.06
7.180 0.00 41.66 0.00 41.96 0.00 41.76

8.000 77.10 29.20 7.96 29.67 0.33 29.30
8.030 68.15 29.16 7.07 29.62 0.29 22.61
8.060 113.13 12.56 13.00 13.03 0.57 12.65
8.090 154.54 12.56 17.75 13.03 0.77 12.65
8.120 154.54 1.2.56 17.75 13.01 0.77 l,.65
8.150 113.13 12.56 12.99 13.03 0.57 12.65
8,180 76.92 29.22 8.01 29.70 0.33 29.32
8.210 67.41 29.26 6.96 29.72 0.29 22.68
8.240 113.13 1?.56 12.99 :3.03 0.57 12.65
8.270 154.54 12.56 17.75 13.03 0.77 12.65
8.300 154.54 12.56 17.75 13.03 0.77 12.65
8.330 113.13 12.56 13.00 133.03 0.57 12.65

9.210 0.00 40.37 0.00 40.86 0.00 40.47
9.240 86.68 25.1?. 9.31 25ý60 0.38 25.22
9.270 120.13 14.56 13.41 13.03 0.59 14.65
9.300 133.89 14.56 15.77 15.03 0.68 14.66
9.330 120.03 14.57 13.86 15.05 0.59 14.67
9.000 90.97 23.47 1C.43 23.97 0.42 23.57
9.030 0.00 21.88 0.00 22.36 0.00 21.98

34



TABLE 2

SIDE GUST ENVIRONMENT AND RESPONSE FOR

SELECTED SINGLE "CRITICAL BURST"

CASEID.1 HZ RESPONSE 5 HZ RESPONSE1~(LOCATION PEAK @MAXIMUM @ MAXIMUM @
AND GUST TIME DIJPL. TIME D15PL. TIME

ORIENTATION) (FT/SEC) (SEC) (10- FT) (SEC) (10- PT) (SEC)

1.090 119.22 17.02 13.39 17.49 0.58 17.12
1.120 103.12 17.02 11.39 17.49 0.50 17.11
1.150 60.50 30.75 6.53 31.23 0.28 30.85
1.180 56.69 34.29 6.20 34.77 0.26 34.39

2.090 109.89 17.81 12.41 18.29 0.53 17.91
2.120 110.13 17.80 12.23 18.27 0.53 17.90
2.150 71.27 25.76 7.73 26.23 0.33 25.86
2.180 71.73 27.73 7.89 28.21 0.33 27.83
2.210 80.48 17.81 9.23 18.29 0.39 17.91
2.240 109.85 17.81 12.41 18.29 0.53 17.91
2.270 110.13 17.80 12.23 18.27 0.53 17.91

3.210 85.74 20.47 9.68 20.95 0.41 20.57
3.240 99.12 20.46 11.01 20.94 0.47 20.56
3.270 85.71 20.46 9.37 20.93 0.41 20.55

4.000 57.57 34.01 6.29 34.49 0.26 34.11
4.030 69.79 14.49 8.17 14.97 0.35 14.59
4.060 120.71 14.49 13.95 14.97 0.60 14.59
4.090 139.68 14.48 15.87 14.95 0.69 14.58
4.120 120.89 14.48 13.50 14.95 0.59 14.57
4.150 69.76 14.48 7.69 14.95 0.34 14.57
4.180 53.44 35.35 5.86 35.83 0.25 35.45

5.000 70.33 28.29 7.74 28.77 0.33 28.39
5.030 69.72 25.74 7.55 26.21 0.32 25.84
5.060 94.38 15.17 10.95 15.65 0.46 15.27
5.090 128.79 15.17 10.47 15.65 0.63 15.27
5.120 128.62 15.17 14.43 15.64 0.63 15.26
5.150 94.51 15.16 10.45 15.63 0.46 15.25
5.180 65.91 29.32 7.26 29.80 0.31 29.42
5.210 53.67 35.61 5.79 36.09 0.25 35.71
5.240 94.51 15.16 10.45 15.63 0.46 15.25
5.270 128.62 15.17 14.43 15.64 0.63 15.*26
5.300 128.79 15.17 14.71 15.65 0.63 15.27r5.330 j 94.38 15.17 10.95 15.65 0.46 15.273
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TABLE 2 (CONT'D)

SIDE GUST ENVIRONMENT AND RESPONSE FOR
SELECTED SINGLE "CRITICAL BURST"

CAS ID.1 HZ RESPONSE 5 HZ RESPONSE

(LOCATION PEAK @ MAXIMUM @ MAXIMUM @
AND GUST TIME DI~P. TN IP. TN

ORIENTATION) (FT/SEC) (SEC) (0 FT) (SEC) (10- FT) (SEC)

6.210 64.89 23.84 7.30 24.32 0.31 23.94
6.240 89.10 22.37 9.91 22.85 0.42 22.47
6.270 100.16 17.50 11.04 17.97 0.48 17.59
6.300 115.80 17.50 12.98 17.97 0.56 17.60
6.330 100.41 17.50 11.45 17.98 0.49 17.60
6.000 92.11 21.96 10.19 22.44 0.44 22.06
6.030 80.74 21.15 8.80 21.62 0.38 21.25

7.000 58.28 33.79 6.36 34.27 0.27 33.89
7.030 83.85 11.98 9.97 12.46 0.42 12.08
7.060 145.04 11.98 17.02 12.45 0.73 12.08
7.090 167.87 11.97 19.36 12.44 0.84 12.06
7.120 145.20 11.97 16.44 12.44 0.73 12.06
7.150 83.75 11.97 9.36 12.43 0.42 12.06
7:180 49.19 36.90 5.40 37.38 0.23 37.00

8.000 67.83 29.20 7.42 29.68 0.31 29.30
8.030 57.31 22.51 6.33 22.99 0.27 22.61
8.060 113.13 12.56 13.00 13.03 0.57 12.65
8.090 154.54 12.56 1775 13.03 0.77 12.65
8.120 154.54 12.56 1775 13.03 0.77 12.65
8.150 113.13 j12.56 1299 13.03 0.57 12.65
8.180 67.80 29.22 7:41 29.70 0.31 29.32
8.210 56.99 '22.58 6.30 23.06 0.27 22.68
8.240 113.13 12.56 12.99 13.03 0.57 12.65
8.270 154.54 12.56 17.75 13.03 0.77 12.65
8.300 154.54 12.56 17.75 13.03 0.77 12.65
8.330 113.13 12:56 13.00 13.03 0.57 12.65

9.210 47.17 28.29 5.28 28.77 0.22 28.39
9.240 75.97 25.12 8.44 25.60 0.36 25.22
9.270 120.13 14.56 13.41 15.03 0.59 14.65
9.300 138.89 14.56 15.77 15.03 0.68 14.66
9.330 120.03 14.57 13.86 15.05 0.59 14.67
9.000 86.04 23.47 9.48 23.95 0.40 23.57
9.030 75.99 21.86 8.26 22.35 0.36 21.98
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TABLE 3

COMPARISON OF SIDE GUST ENVIRONMENT AND RESPONSE FOR SEVEN
SIMULTANEOUS BURSTS VS. SELECTED SINGLE "CRITICAL BURST"

DISPLACEMENT DISPLACEMENTCASE 1.1). CASE I.D.
([O'ATI ON (LOCATION RATIO

AND GUST I HZ 5 HZ AND GUST 1 HZ 5 HZ
oRIEN',ATION) RATIO RESPONSE RESPONSE ORIENTATION) RATIO RESPONSE RESPONSE

1.090 0.10 0.29 0.28 6.210 0.00 0.00 0.00
1.120 0.JJ 0.30 0.30 6.240 1.26 1.10 1.12
1.150 0.98 0.98 0.98 6.270 1.01 1.00 1.00
1.158 0.00 0.00 0.00 6.300 1.00 1.00 1.00

6.330 1.00 1.00 1.00
2.090 0.36 O.J4 0.34 6.000 0.66 0.92 0.79
2.120 1.00 0.53 0.54 6.030 0.00 0.00 0.00
2.150 1.31 1.]1 1.15
2.180 1.13 1.05 1.06 7.000 0.00 0.00 0.00
2.210 0.81 0.69 0.69 7.030 1.00 1.00 1.00
2.240 0.32 0.31 0.32 7.060 1.00 1.00 1.00
2.270 O.00 0.00 0.00 7.090 1.00 1.00 1.00

7.120 1.00 1.00 1.00
3.210 0.00 0.00 0.00 7.150 1.28 1.10 1.00
3.240 0.39 0.34 0.34 7.180 0.00 0.00 0.00
3.270 0.00 0.00 0.00

8.000 1.14 1.08 1.07
4.000 0.00 0.00 0.00 8.030 1.19 1.12 1.07
4.030 1.00 1.00 1.00 8.060 1.00 1.00 1.00
4.060 1.00 1.00 1.00 8.090 1.00 1.00 1.00
4.090 1.00 1.00 1.00 8.120 1.00 1.00 1.00
4.120 1.00 1.00 1.00 8.150 1.00 1.00 1.00
4.150 1.!l 1.02 1.00 8.180 1.14 1.08 1.07
4.180 0.00 0.00 0.00 8.210 1.18 1.11 1.07

8.240 1.00 1.00 1.00
5.000 1.17 1.08 1.06 8.270 1.00 1.00 1.00
5.040 1.37 1.13 1.19 8.300 1.00 1.00 1.00
5.060 1.00 1.07 1.00 b.330 1.00 1.00 1.00
5.090 1.00 1.00 1.00
3.120 1.00 1.00 1.00 9.210 0.00 0.00 0.00
5.150 1.00 1.00 1.00 9.240 1.14 1.10 1.06
5.180 1.06 1.04 1.03 9.270 1.00 1.00 1.00
5.210 1.17 1.16 1.14 9.300 1.00 1.00 1.00
5.240 1.33 1.09 1.!0 9.330 1.00 1.00 1.00
5.270 1.00 1.01 1.00 9.000 1.06 1.10 1.05
5.300 1.00 1.00 1.00 9.030 0.00 0.00 0.00
5.330 1.00 1.00 1.00
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TABLE 4

SINGLE AND MULTI-BURST RESPONSE COMPARISONS USING A LOADING
GENERATED BY LAMB FOR A PANEL AND STRINGER

FROM A REPRESENTATIVE AIRCRAFT

DISTANCE

REFLECTED CHARACTERISTIC FROM MAX. MAX
PRESSURE DECAY LEADING DEFL. STRAIN %FF(PSI) TIME (SEC) EDGE (FT) (IN) %DIFF. (IN/IN) %DIFF.

FLAT PANEL

5.1 3.75 -. 19 •.00544 ;
5.1 .0055 2 .183 3.8 .00507 7.3

5.1 .0164 6 .188 1.1 .00532 2.3
5.1 .0327 12 .189 .5 .00538 1.1

STRINGER

5.1 3.75 - 1.08 -.06415.1 .0055 2 .85 27.0 -. 0244 163.0

5.1 .0164 6 .98 10.2 -. 0525 22.1
5.1 .0327 12 1.02 5.9 -. 0595 7.7
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TABLE 6

INCIDENT THERMAL FLUENCE FOR MULTIPLE BURST COMPARISONS

ATRrRCFT

LOCATION HEVDING S qTNrTR URST 7 StTT.RRT q I U iSRRTR.
Xt(FT) Y(FT) (DEG) NO. SIDE Q SIDE Q SIDE Q

20,000 0 0 6 L 6.96 L 10.06 L 13.93
30 1 L 20.95 L 30.44 L 33.69
60 1 ;L 38.56 L 46.71 L 49.59
90 1 L 48.91 L 55.03 L 57.77120 1 L 47.34 L 55.12 L 57.97

150 1 L 30.18 L 39.22 L 42.41

180 5 L 6.78 L 10.53 L 14.31

20,000 5359 0 1 R 9.92 R 20.06 R 23.65
30 7 F 11.32 L 21.74 L 25.18
60 1 21 L 37.48 L 40.54
90 1 4- 62 L 47.83 L 50.60

120 1 10 L 53.34 L 56.06
150 1 37.54 L 45.13 L 48.14
180 1 L 14.78 L 24.27 L 27.78
210 1 ,R 14.78 R 25.83 R 29.21
240 1 R 37.54 R 46.18 R 49.18
270 1 R 46.10 R 52.25 R 55.01
300 1 P, 41.62 R 49.04 R 51.77
330 1 R 28.21 R 36.07 R 39.13

20,000 11,547 0 1 F 15.36 R 26.57 R 29.89
30 6 L 11.86 L 16.58 L 20.29

210 7 L 9.99 L 15.31 L 18.97
240 1 l 21.20 R 31.31 R 34.55
270 1 R 33.73 R 40.08 R 42.89
300 1 R 35.31 R 42.25 R 44.86
330 1 R 26.11 R 34.59 R 37.45

23,000 0 0 6 L 7.07 L 9.74 L 13.72
30 1 L 15.49 L 25.00 L 28.26
60 1 L 28.36 L 36.63 L 39.44
90 1 L 35.64 L 41.31 L 43.97

120 1 L 34.06 L 41.89 L 44.65
150 1 L 21.41 L 30.46 L 33.660
180 5 L 6.98 L 10.01 L 13.891
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TABLE 6 (CONT'D)

INCIDENT THERMAL FLUENCE FOR MULTIPLE BURST COMPARISONS 5
ATIO RAN - SINGLE BURST 7 BURSTS 19 BURSTS

LOCATION HEADING* * * ** *

X(FT) Y FT) (DEG) NO. SIDE Q SIDE Q SIDE Q
23,000 6163 0 6 L 10.21 R 18.90 R 22.57

30 7 R 14.86 R 19.81 R 24.04
60 1 L 20.78 L 30.67 L 33.70
90 1 I 30.42 L 36.19 L 38.89

120 1 L 33.33 L 40.42 L 43.04
150 1 L 26.78 L 34.09 L 37.08
180 1 L 10.43 L 20.90 L 24.46
210 7 L 11.92 R 22.04 R 25.47

240 1 R 14.98 R 35.86 R 38.834
270 1 R 33.33 R 39.04 R 41.72
300 1 R 30.42 R 37.71 R 40.35
330 1 R 2(;.78 R 28.33 R 31.39

23,000 13,279 0 6 L 16.71 R 24.44 R 27.78
30 6 L 14.71 L 18.80 L1 22.61

210 7 L 12.50 L 17.05 L 20.79
240 7 L 16.24 R 26.51 R 29.77 1
270 1 R 24.11 R 30.02 R 32.79
300 1 R 25.54 R 32.22 R 34.73
330 1 R 20.51 R 26.53 R 29.35

26,000 0 90 1 L 26.83 L 32.22 L 34.82
120 1 L 25.38 L 33.25 L 35.96
150 1 L 15.79 L 24.80 L 28.04
180 5 L 7.08 L 9.71 L 13.71

26,000 6967 90 1 L 22.97 L 28.49 L 31.13
120 1 L 24.94 L 3i.85 L 34.38
150 1 L 19.83 L 26.83 L 29.83
180 6 R 10.77 L 19.77 L 23.41
210 7 L 15.78 L 20.78 L 25.10
240 7 L 22.97 R 29.44 R 32.37
270 1 R 24.94 R 30.39 R 33.00

26,000 15,011 210 7 L 15.45 L 19.40 L 23.24
240 7 L 19.10 R 24.50 R j 27.79
270 1 R 17.88 R 23.65 R 26.38
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TABLE 6 (CONTVD)

INCIDENT THERMAL FLUENCE FOR MULTIPLE BURST COMPARISONS

* - Definitions:

(1) Heading is defined with 00 coinciding with positive X
axis, and 900 coinciding with the positive Y axis.

(2) Burst numbers are defined as follows:

NO. X "

10

2 -52,000 0

3 -26,000 -45,000

4 -26,000 +45,000

5 +26,000 -45,000

6 +26,000 +45,000

7 +52,000 0
2

(3) Thermal fluence (Q) in cal/cm represents total incident
thermal radiation after 10 seconds.

(4) Side refers to the side of the aircraft exposed:

L - Left

R - Right

42
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TABLE 7

TEMPERATURE RISE AT TIME OF BLAST ARRIVAL
FOR SINGLE BURST AND DELAYED SEVEN BURST CASE

[' DELAY BETWEEN
Al ATSHOCK FIRST AND AT@ TA AT@ TA

LOCATION HEADING SIDE ARRIV. TIE, REMAINING FOR SINGLE FOR BURSTS
z (DEG) EXPOSED TA (SEC) BURSTS (SEC) BURST (°R) R)

20,000 0 0 L 11.96 7.0 6 96
30 L 149 253
60 L 292 384
90 L 388 453

120 L 385 464
150 L 244 332
180 L 11 99

20,000 5359 0 R 12.55 7.5 65 180
30 L 65 196
60 L 200 308
90 L 312 378

120 L 359 433
150 L 296 372
180 L 113 202
210 R 113 216
240 R 296 380
270 R 359 422
300 R 312 393
330 R 200 285

20,000 11,541 0 R 14.55 9.5 90 235
30 L 3 195

210 L 6 127
240 R 148 237
270 R 232 296
300 R 234 307
330 R 176 245

23,000 0 0 L 14.47 9.5 3 93
30 L 91 196
60 L 178 275
90 L 236 295

120 L 234 310
150 L 149 234
180 L 94

4I
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TABLE 7 (CONT'D)

TEMftPERATURE RISE AT TIME OF BLAST ARRIVAL
FOR SINGLE BURST AND DELAYED SEVEN BURST CASE

DELAY BETWEEN
AIRCRAFT SHOCK FIRST AND AT@ TA AT@ TA

LOCATION HEADING SIDE ARRIV. TIME, REMAINING FOR SINGLE FOR BURSTS
X(FT) Y(FT) (DEG) EXPOSED TA (SEC) BURSTS (SEC) BURST (OR) (f)

23,000 6163 0 R 15.16 10 40 193
30 L 40 182
60 L 121 245
90 L 189 249

120 L 217 288
150 L 180 251
180 L 70 161
210 R 70 172
240 R' 180 262
270 R 217 275
300 R 189 270
330 R 121 203

23,000 13,279 0 R 17.49 12.5 52 256
30 L 2 237

210 L 3 132
240 R 86 178
270 R 134 A92
300 R 135 205
330 R 102 166

26,000 0 90 L 17.01 12.0 147 203
120 L 146 219
150 L 94 176
180 L 3 92

26,000 6967 90 L 17.79 12.8 113 172
120 L 130 198
150 L 109 175
180 L 43 138
210 R 43 146
240 R 109 190
270 R 130 185

26,000 15,011 210 L 20.44 15.5 2 139
240 R 52 147

270 R 80 134

44

_- .. •



I

-" -h

"• ~SURE-SAFE

.-- -SURE--KILL

FIGURE 1. HYPOTHETICAL ILLUSTRATION OF AN
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FIGURE 2. HEXAGONAL CLOSE-PACKED LAYDOWN
PATTERN SHOWING SHOCK FRONTS
JUST PRIOR TO OVERLAP
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Shock front
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FIGURE 3. HEXAGONAL CLOSE-PACKED XAYDOWN PATTERN
SHOIWING OVERLAPPING SHOCK FRONTS
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(a) Side Gust

FIGURE 9. TINE HISTORIES OF SIDE GUST, OVERPR.ESSURE,
AND DENSITY FOR SEVEN SIMtLTANEOUS BU'RS~TS
INTERCEPTING AIRCRAFT AT POSITION 4 AMt HEADING 150 0
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FIGURE 9. CONTINUED
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FIGURE 10. TIME HISTORIES OF SIDE GUST, OVERPRESSURE AND

DENSITY FOR SINGLE "CRITICAL BURST" INTERCEPTING
AIRCRAFT AT POSITION 4 AND HEADING 1500
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(a) Displacement

FIGURE 11. DISPLACEMENT, VELOCITY, AND ACCELERATION RESPONSE OF
1 DOF SYSTEM TO SEVEN SIMULTANEOUS BURSTS INTERCEPTING
AIRCRAFT AT POSIHION 4 AND HEADING 1500
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FIGURE 11. CONTIFUED
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(a) Displacement

FIGURE 12. DISPLACEMENT, ELOCITY, AND ACCELERATION RESPONSE OF
1 DOF SYSTEM TO SINGLE "CRITICAL BURST" INTERCEPTING
AIRCRAFT AT POSITION 4 AND PEADI1, 150°
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FIGURE 12. CONTINUED
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SINGLE BURST

- MULTIPLE BURSTS
Y PEAK

(FT) D I S PLAC WN'
SCALE

15,000
0.0 0.01 0.02 IN.

15,000 20.000 25,000 30,000

X (FT)

(a) I HZ RESPONSE
FIV:Ut,•E I3. ENVELOPES FOR PEAK DISPLACEMENTS OF

1 DOF SYSTEM SUBJECTED TO GUST LOADING
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